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COMPLETE SPECIFICATION 
Recovery and Utilization of Water in Aircraft 



T. Harry Alfred Mhlvany, a Citizen 
•nf- the- FnitofVStat.es of America, of 2342. 
Ashbv Avenue. Berkeley. State of Cali- 
fornia, United States of America, do 
6 hereby declare the nature of this inven- 
tion and in what mauner the same is to 
be performed, to be particularly described 
and ascertained in and by the following 
statement : — 

10 This invention relates to the recovery 
and utilization of water on aircraft and it 
can be applied to any aircraft that pro- 
duces waste gases from the operation ot 
its propelling apparatus, or from any of 

15 its auxiliary apparatus. 

More specifically, the invention is 
addressed to the problem of water supply- 
on transport aircraft including controls 
for the apparatus and involves also a 

20 method and apparatus for treating waste 
gases or exhaust gases from aircraft, appa- 
ratus, opemble while the aircraft is m 
flight to recover at least a portion of their 
water content, and to treat and process the 

26 recovered water so that it will be suitable 
for the many uses incidental to aircraft 
travel. 

The procedure I employ involves tne 
cooling of the gases of combustion to pro- 

80 duce a water condensate. This condensate 
water contains toxic ingredients including 
lead and ammonia, and its acidity is high, 
which of course renders it unfit, for the uses 
of potable water. In accordance with the 

35 invention I may eliminate these objection- 
able characteristics by my treatment of 
the gas l>efore the condensation, or from 
the water of condensation containing the 
impurities carried in the gas. 

40 Aircraft transports employed in long 
non-stop flights find it necessary to carry 
a considerable quantity of water for cook- 
ing, washing, and as drinking water, etc. 
In present practice on larger type trans- 

45 port airplanes as much as forty gallons 
must he carried and even this quantity is 
found to be inadequate. 
[Price 2/-] 



It is most desirable to condition tbe air 
in the cabins of passenger craft in long 
flights at high altitudes, and this involves 60 
the introduction of moisture into the cabin 
air; but the quantity of water that would 
be necessary to do this is so great that it 
is impracticable for the aircraft to carry 
sufficient water for this purpose. 55 

It is also a fact that tbe horse-power of 
internal combustion engines on aircraft 
may be increased approximately 20% by 
in iectin? moisture into the intake mani- 
fold. This can be accomplished for short 60 
period « without damage to the ensine ; and 
has the advantage of increasing the mile- 
orre while cooling tbe engine. 

In view of tbe many demands for water 
on a modern transport aircra ft, outlined 65 
above, the carrying of a sufficient water 
supply has become a serious problem, as, 
of course, the dead load on the aircraft 
mn^t be. held down to a minimum. 

One of the obiects of the present inven- 70 
tion is to provide simple means for 
recovering the water carried in tbe waste 
cases from eneines carried bv tbe craft, 
and for purify iner it, so that it is potable 
and usable for tbe various purposes out- W 
lined above. 

Aircraft operate under widely varying 
conditions as to atmospheric temperatures 
and flying elevations both of which vari- 
ables affect the performance of such appa- 80 
ratus. Hence one of tbe objects of this 
invention is to provide general controls 
for the apparatus that will operate satis- 
factorily under all conditions to insure an 
adequate water supply, while at the same 85 
time effecting a saving in weight carried 
by the craft. More specifically stated, it 
is one of the objects to utilize the slip- 
stream of atmospheric air to effect the con- 
densation of the waste gases, and to pro- 90 
vide adequate controls for preventing 
ipjuiy to the condenser or freezing of the 
condensate water due to abnormally low 
temperature of the slipstream ; also to pre- 
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vent overheating of the condenser duriu" 
the warming up of the engine or engines* 
In the practice of the invention a por- 
tion of the exhaust, gases is diverted from 
o the engine exhaust for condensing, and 
one of the objects of the invention is to 
provide simple means for automatically 
reffulatinff tha m„„(;w „t . % 



regulating the quantity of gas diverted 
in lnto 11 - e COI ! de . D -ser, controlled by the 
10 conditions existing at the condenser. 

Another object of the invention is to 
provide simple means for automatically 
regulating the quantity of slipstream air 
passing through the condenser in accord- 
lo ance with the. existing conditions at the 
condenser; also to. provide coutrols that 
wilt function to prevent ice forming with- 
in the condenser. 

on of tLe ob i ects of the invention is to 

LO provide means for removing the toxic 
ingredients from the recovered water con- 
densate which will combine a minimum of 
weight with the maximum of purifying 
Junction m producing potable waterfalso 

<5.- to eliminate its acidity. 

Further objects of the invention will 
appear hereinafter. 

The invention consists in the apparatus 
raid m the method described hereinafter^ 

M the features of which contribute to pro- 
duce an effective method and apparatus 
tor the recovery and utilization of water 
in an aircraft. 
A preferred embodiment of the inven- 

35 tion is described in the following specifi- 
cation while the broad scope of the inven- 
tion is pointed out in the appended 
claims: — 

In . the accompanying drawings which 
40 are tor illustrative purposes; 

Fig. 1 is a diagrammatic view illustrat- 
ing the elements of the apparatus and 
showing the controlling means, certain 
parts being broken away. 

45 •n Fis- 2 . is also a diagrammatic view and 
illustrating a method and means for 
practicing the invention in which the 
toxic ingredients are removed from the 
gases before they are cooled sufficiently to 

50 condense the moisture carried by them • 
this view also illustrates a portion of the 
separator for separating the water con- 
densate from the gases, including means 
tor filtering the water. 

*° 3 is a view upon an enlarged scale 

illustrating more fully the means shown 
in Fig. 2 for removing the toxic 
ingredients from the gases. 

Fig. 4 is a chart illustrating the exit 

60 gas temperatures and the condensation 
rate m pounds per hour plotted atrainst 
varying altitudes. 

Fig. 5 is a perspective illustrating the 
apparatus including the condenser, its gas 

65 intake, and its out-take from the cSn- 



denser; and also showing the intake for 
the atmospheric air from the slipstream. 
1 his view also illustrates the separator 
that takes the gases from the condenser 
and separates the water condensate from TO 
the remaining gas ; and the control- for the 
gas outlet from the separator. This view 
is broken away to illustrate a preferred 
point of application of a thermostatic 
device which I employ to prevent the con- 75 
denser from acquiring too low a tempern- 

t,F l r j is a ve , rtical section taken in a 
front and rear plane illustrating how the 
apparatus shown m Fig. 5 can be applied, 80 
if desired, within the leading edge of « 
.stream 0 faClHtate ialiin 8: ™ from the slip? 

•S, J?' 7 ?- a aia / rau imatic view illustrat- 
ing a portion of the gas intake that con- 86 
ducts the gas into the condenser and illus- 
trating an automatic control for a valve 
in this intake to set the same in accordance 
h& /Fi eed of , air flow ^ugh air 
f& ll*?* ^ 6 C0Ddenser - ^d illustrating 90 
allv ™ t n C , al W^that is automatic? 
aU> controlled to close the circuit through 

f™? it *? s ™Sin? the valve toward or 
ironi its closed position. 

;n, f" £ is also a diagrammatic view 05 
llustratmg one of a set of damped or 
Wers that control the admission oLtmo- 
itT^lT 1 tlle s«Pstream through 
& Pltf-° f , tte condens ^. n»d illustrat- 
ing electrical apparatus for controlling 100 
the same automatically to set the louver? 
na regulated position depending upon - 
the temperature of that part of the con 
denser where the thermostatic device is 
miSiffi In ^ 1S -?? ew tte intermediate or m 
with ? £] ™?Y S 1 1 lkstote d in dotted lines 105 
7a til fci'oken away that connects it 

£♦$ t l0UV ^ rS Iocated wift in the air 
intake for operating them in unison 

; n ,F, 1S * Wmantary vertical section lin 
m a front and rear direction taken through 
<he air intake and illustrating the louvers 
in their open position in fulllines. 
j-.^^^* is a diagrammatic view and 
includes a side elevation of the mechanism n« 
of a thermostat device that is apnlfed to 
[he gas out-take from the condenser and 
including ? portion of the outlet ni™ for 

,?o7%S e ". ases , a ^ fr ™ ^eparl 
ator. This view illustrates the electric ion 

ST?!^ - *^* ,he Somatic contol 12 ° 
fL a 1 ™, 0ca<ed in this P» outlet pipe 
from this thermostatic device P 

in f£' nV ™ ° J^?"*! Section takp n «"OUt 
» the plane of the line 11-11 indicated 125 

Fig. 12 is a view showing curves • indi- 
cating he average gas temperature after 
going through the successive passes tbat 
guide the gas through the condenser, and 130 
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another curve snowing the average tube 
wall temperature in. the different passes. 
The abscissas indicate distance along the 
heater tubes in feet and the vertical 
5 ordinates indicate temperatures in Faren- 
heit degrees. 

In practicing the invention, as shown 
in Fig. 1, 1 indicates an exhaust pipe for 
gases of combustion coming from an 
10 internal combustion propelling means for 
an aircraft, or from an auxiliary engine 
employed for any purpose. 

Theso hot gases may come from an 
internal combustion engine of any known 
\b type or from a rocket-type propelling 
apparatus such as is now coming into use. 
A portion of the gas flowing along this 
outlet pipe 1 is diverted to an apparatus 
"for removing the toxic insrredient9 either 
20 from the gas while still in its gaseous 
state, or from condensate water produced 
by cooling the gases directly in a con- 
denser 2. This is accomplished by passing 
the gas through a duct preferably in the 
26 form of coils 3 including a series of passes 
4. Thi3 condenser is indicated diagram- 
raatically in Fig. 1 but is shown in detail 
in Fig. 5. It has a forwardly projecting 
intake 5 that connects to an inlet mouth 6 
80 (see Fig. 6) that may be located in the 
leading edge of a wing 7. However, this 
location for the air inlet or the intake is 
not essential* and it may be located at 
anv point on the aircraft such as m a 
86 nacelle or in any other location where a 
portion of the slipstream of atmospheric 
air will naturally flow into the intake 5 
when the aircraft is in flight. 

The interior of the casino 1 8 of the con- 
40 denser 2 operates as a duct for conducting 
the atmospheric air past the coils 3. 

As the proper functioning of the con- 
denser depends largely upon the relative 
proportions of the hot gases passing into 
46 the coils 3 and the cooling current ot 
atmospheric air passing into the intake 5, 
I provide automatic means for controlling 
the flow of the diverted hot gas through 
the gas pipe 9. This is accomplished 
60 through the medium of a valve 10 that is 
controlled automatically by a pressure- 
actuated means or device 11 located inside 
the intake ot condenser body and which is 
actuated bv the changes of internal pres- 
66 sure or lateral pressure exerted by the air 
current flowing through the condenser. 
There is, of course, considerable changing 
in this pressure, due to changes in speed 
of the aircraft, and to the fact that there 
60 is considerable resistance to flow of the air 
current throuerh the condenser and around 
the coils 4. This pressure sensitive device 
or " pressure-stat " 11 is illustrated more 
in detail in Fig. 7 and will be described 
66 more fully hereinafter. This device 



includes a diaphragm 12 which is exposed 
to the pressure of the flowing current- of 
air, and if this pressure rises to a certain 
point, for example, to a pressure corre- 
sponding to five inches of a water column, 70 
the diaphragm will move so as to close an 
electric circuit 13 including* electro-mech- 
anical means 14 which will operate the 
valve 10 to move it toward an open posi- 
tion, proportionately to the rises in the 76 
pressure exerted against the dia- 
phragm 12. . 

In Fig. 7 14 indicates a motor dia^ram- 
matically. This is preferably a shunt- 
wound motor the shaft 15 of which 80 
operates through a worm 16 to drive a 
worm-wheel 17 which operates through 
reduction gears including a pinion 18 and 
a large gear 19 < to drive a flexible shaft 
20 that connects to the shaft 21 of the 85 
valve 10 which as indicated is of the 
t4 butterfly " type. . 

In Fig. 5 this pressure-sensitive device 
is illustrated mounted on the side wall 22 
of the intake 5. However, in Fig. 7, 90 
which is n diagrammatic view, this device 
is illustrated "as though located on the 
opposite wall of the intake so that the pres- 
sure upon the diaphragm 12 would be 
exerted upon its right side as illustrated 95 
in Fig. 7. When this diaphragm is moved 
by rising pressure., a stem 23 connected to 
the diaphrngm will move toward the left 
and compress a light return spring 24, and 
in this movement a lateral projecting con- 100 
tact finger 2-5 carried by the stem will 
engage a fixed contact 2(i which closes a 
circuit from the conductor 27 to the finger 
25, and thence through the conductor 28 
that is connected to the fixed contact 26. 105 
This conductor 28 at its other end is con- 
nected to a fixed contact 29 which 
cooperates with a movable contact lever 
30 pivot-ally mounted at 31 and normally 
pulled by a spring 32 into engagement 110 
with the fixed contact 29. However, this 
switch composed of the contacts 29 and 30 
is a limit switch and will be opened auto- 
matically through the agency of a lug 33 
projecting out from the periphery of the 115 
gear wheel 19, which will engage the end 
of the lever 30 and push it toward the. 
left, thereby opening the circuit through 
the motor 14. This will operate to effect 
a closing movement of the valve 10 to a 120 
nearly closed position. As illustrated in 
Fig. If however this lug 33 is shown in con- 
tact with the end of a pivoted switch lever 

34 which cooperates with a fixed contact 

35 so as to operate as a limit switch for 125 
the opening* movement of the butterfly 
valve 10. In other words, as illustrated 
in Fig. 7, the contacts 34 and 35 can 
cooperate to maintain a temporary circuit 
through a conductor 3G that connects this 130 
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lever 34 wlih ; , contact 37 that corresponds 
jo the fixed contact 26 already described, 
but which is closed by a movement of lite 
diaphragm 12 which would he due to a 
5 reduction in pressure within the air 
intake -j. 

'Die i-imiits through the motor 34 arc 
controlled by two solenoids 38 and 39 the 
former of which is connected to a con- 
10 duclor 40 « r>nnect.ed to the contact 31 and 
is connected by conductor 41 to a main cir- 
cuit wire 42. the other main circuit wire 
•13 has the f-omlucfor 27 already referred 
>«>, connected to it. 
15 The fixed contact 35 and the coil 39 are 
connected to a conductor 44 that connects 
■o the main conductor or wire 42. 

There are two.4-point switches 45 and 
!6 wliich in Fig. 7 are shown in their open 
20 position. Either of these switches may be 
closed without closing the other and when 
<me is iloied a mechanical interlocking 
•■onneetinn 47 of any suitable Jorm pre- 
v^nts the other switch from being closed. 
2c Tlu*se interlocking preventers for perform- 
ing this function are standard devices and 
••onseifuently need not be described in 
detail. When the solenoid coil 38 is ener- 
gized it pulls all four of the connected 
30 switch levers 4S toward the right as 
viewed in Fig. 7, to connect the live con- 
ductors 40 and 50 to the field coils 51 of 
The motor, and to the armature of the 
motor through the commutator 52; the 
35 circuit through the field coils 51 is 
established through the wires 53, and 54 
that connect with wires 55 and 56 respec- 
tively leading 1 into and from the coils 51. 
The circuit through the armature is 
iO established through" wires 57 and 58 con- 
necting- to conductors 59 and 60. 

When the solenoid coil 39 is energized 
the four contact levers 61 connect up the 
live wires 02 and 63 to the armature cir- 
45 curt wires 59 and 60 and also to the held 
coils 55 and 56, the direction of flow of the 
current being such that the motor will run 
in reverse direction from that when the 
switch 46 is closed. A hand operated 
60 switch 64 may be provided for connecting 
up to a source of electro-motive force 
supplied through conductors 65 and 66. 

In addition to controlling* the quantity 
of gases of combustion, diverted from the 
65 exhaust pipe 1, 1 provide means for con- 
I lulling the out-flow of the gases that have 
been separated from th% condensate water 
while they are leaving the separator 67. 
This separator as illustrated in Fig. 5 is 
60 a centrifugal type of separator into 
which the gases are delivered from the 
condenser nut-take or separator intake 68. 
Tn Fig. 5 this is illustrated as a flat form 
of flue the side walls 69 of which converge 
W toward the point of connection through 



the side wall of the centrifugal separator 
67, so that the gases flow tangentiafly into 
the separator, and circulate around within 
the same in the general manner indicated 
by the dotted arrows in Fig. 5. By reason 70 
of the centrifugal action, the* water 
earned with the gases will be th rowu 
agarnst the circumferential wall of c the 
separator and will pass down through a 
niter <0 m which is maintained a filter 76 
bod 71 of a substance capable of removing 
the loxic ingredients carried in the con- 
densate water. This water collects in the 
bottom of the casing of the filter 70 and 
can be drawn off by opening the small 80 
valve 72 in. its outlet, connection 73 lead- 
ing off from the filter bottom. 

The <ras outlet pipe 74 leads out through 
the cover of the centrifuo-al device and its 
inlet mouth, indicated in dotted lines at 85 
<•>. is located at a considerable distance 
below the cover so that the circulating 
?rnscs pass dowu to a lower level before 
they finally pass up through the outlet. 
As illustrated, the upper part of the out- 90 
Jet pipe 74 has a goose-neck so as to pre- 
sent a horizontal extension 76, and in this 
extension a valve 77 is provided for regu- 
lating the effective area of flow of the gas 
passing the valve. The degree of opening 96 
ot this valve is regulated through the 
agency of a thermostat device 78 which is 
preferably applied so that it takes its tem- 
perature from that of the gases passino- 
through the separator intake 68, a wire 100 
f-ab e or connection 79 being provided 
leading over to the valve controlled mech- 
anism SO that is associated with the 
valve 77. 

This valve controlled mechanism 80 105 
and the thermostat device 78 are illus- 
trated more in detail in Fig. 10 The 
thermostat device 78 is constructed so that 
\ }y 3ll /J °P en T °r close the vane 81 of this 
hutterfly valve in stages. Any suitable HO 
thermostat device may be employed for 
this purpose that will function to'control 
.Iih valve 81 so that it is operated in this 
I™? ' 7 • t, • e Present instance as illus- 
tnitecl m Fig 10, the thermostat device n5 
ii eludes two - Invar » (Registered Trade 10 
31 ark) bars or equivalent elements 82 
the ends of which are connected to a base- 
plate 83 secured to the side wall 69 of the 
H.ake 68 The bars 82, as illustrated; are i 20 
bowed outwardly away from each other 
and when the base plate 83 expands or 
extends itself by increase o* temperature 
of the gases the liars 82 will assume a more 
flattened arc that is to say, they will 1 25 
approach each other. Between the two 
i i xo< and s^PP^ted on a fulcrum 
bracket 84 a contact lever 85 is supported. 
I his lever is attached to a lever head 86 
carrying a pivot pin 87 that connects the 130 
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lever' head to the supporting bracket 84. 
A coil spring 83 between the bar 82 that 
carries the fulcrum bracket 84, and the 
lever head 8U, urges the contact lever 85 
5 downwardly as viewed in Fig. 10 and 
holds it against an adjustable stop 89. 
This adjustable stop is carried on the 
opposite bar 82. By adjusting a calibrated 
wheel 90 the stop 89 can be adjusted in or 
10 out in its threaded bearing 91 to alter the 
position o£ the tip of this stop screw 89, 
thereby enabling the position of the free 
end of the lever 85 to be adjusted with 
respect to the insulated contacts 92 
15 mounted on an insulated plate 913. 

The free end of the lover 85 carries an 
insulating plate 94 in which relatively 
movable contacts 95 are carried. These 
contacts are mounted on shanks 90 that are 
20 Ir e e ly movable through guide openings in 
" ; the insulating plate 94, and the upper ends 

'are pressed downwardly by coil springs ' 
97 that also function to carry current to 
\ them from a lead-wire 98. The distance 

25 between the forward ends of the relatively 
movable contacts 95 and the relatively 
fixed contacts 92 are graduated preferably 
as shown. Contact 95a that is located 
nearest to the pivot pin 87 of the lever has 
gO the shortest distauce to move to close the 
circuit through it, and so on. With this 
arrangement as the lever 85 swings toward 
the contacts 92 evidently they will be 
engaged in succession by the cooperating 
35 relatively movable contacts 95 so as to 
close circuits through the circuit wires 99, 
i 100 and 101 in succession. These wires 

£ connect respectively to corresponding sole- 

fi noid coils 102, 103 and 104 which function 

| 40 in succession but at different moments, to 

advance a core bar 105. The upper end of 
this core-bar is formed into a rack 106 
" : meshing with a pinion 107 attached to a 

trunnion 108 of the butterfly valve 81. 
* . 45 The upper end of the rack 106 is guided 

to slide through a lug 109, and beyond 
the lug its end is engaged by means to 
return this bar and hold the butterfly 
■; valve normally in open position. In the 

§ 60 present instance the upper end of the rack 

I 106 thrusts against the lever 110 pivot- 

1 ally supported at 111. The end of this 
.¥ lever carries a spring 112 that is attached 

2 to a fixed eye-bolt 113. Anti-friction ball 
: 56 114 may be provided between the end of 
H the rack 100 and the side of the lever 110 

to reduce the friction entailed in this 
movement. . 
The core bar 105 carries three solenoid 

60 cores 115, 11(5 and.117 respectively, which 
are located in graduated positions with 
respect to the lower ends of their corre- 
sponding coils, with the lowest core llo 
located further up into its corresponding 

0( coil 102 than the other cores. With this 



organization of parts it will be evident 
that when the circuit is closed first 
through the wire 99 the core 115 will be 
pulled up a short distance into the coil 
102. When the circuit is closed in the 70 
wire 100 the core 116 will be pulled up a 
iurther distance into its coil 103 ; and like- 
wise as to the core 117 and its coil 104. 
This will effect movement of the butterfly 
valve 81 toward ils closed position in three 75 
stages as described. 

Of course as the circuits are opened at 
the contacts 92 the spring 112 will return 
the butterfly valve 81 step-by-step to its 
wide open position as shown in Fig. 10. 80 
In this open position a collar or collars 
J 18 on the core-bar 105 or on the rack 118 
may seat against a rest indicated at the 
horizontal lines 119. Only one of these 
collars is necessary. 85 

In order to enable the base plate 83 to 
"quickly acquire the approximate tempera- — 
ture of the hot gases flowing through the 
gas duct 120 (see Fig. 11) the inner face 
of this base plate 83 is provided with a 90 
plurality of projections or fins 121 that 
extend into the interior of this flue. ; They 
may extend through an opening 122 
formed in the side wall 69. 

The control mechanism illustrated in 96 
Tigs. 10 and 11 will operate to close the 
butterfly valve 81 more or less, according 
to the temperature of the gases flowing 
through the flue 120 of the intake 69. That 
is to say if these gases have an abnormally ioo 
high temperature the butterfly valve 81 
will assume its most nearly closed position 
thereby reducing the flow of the gas into 
and through the separator 67. 

In the operation of this apparatus when 105 
flying through an atmosphere of abnorm- 
ally low temperature there is danger of 
the slipstream, air current that passes 
through the air intake 22, cooling the con- 
denser 2 sufficiently to cause freezing of HQ 
moisture within it. In order to overcome 
this difficulty I provide another control 
operating automatically to reduce the flow 
ot slipstream air through the intake 5 if 
the temperature of the condenser becomes n§ 
dangerously low. The apparatus for this 
purpose includes a thermostatic device 123 
(see Fig. 5) that is preferably attached to 
a guiding wall for the exhaust gases that 
pass through the condenser, and prefer- ±2Q 
ably at a point at or near where those gases 
find exit from the condenser, because this 
is the point where the lowest temperature 
will naturally, exist in the condenser. 

This thermostatic device 123 and its 125 
associated control apparatus is illustrated 
in Fig. 8. In a condenser such as illus- 
trated which would have a series of passes 
such as the passes 4 illustrated in Fig. 1 
through which the gases pass in aucees- 130 
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sum the thermostatic device 120 would 
S ** tQ ^ e 1 *° of the tubes of the last 
pa*.!,. Ihat is to say. at or near the point 
where the gases were finding exit from a 

rSTV^ Fi f 8 124 ^icateHuch 
a tube, and the thermostatic device 123 
would be attached to its outer side. Iu 
his F 1& . 8 and in fig. 9 I illustrate a 
in of feftS' J ? ° f V ? lve invo1 "^' a plurality 
10 _ Va T es , separate^ louverl 



. , j v w ^cpuruie louvers 

indicated generally by the numeral 125 in 
fig. 9. All of these three louvers urc 
moved in unison by any suitable means 
sucji as by means of a pinion 126 attached 
15 to the trunnion of each of these louvers, 
and all of wmch mesh with the teeth of a 
rack Ui that is movable up or down to 
ctose or open the louvers. 
,„ i r f te /witches controlled by the thermo- 
20 static device 123 would have substantially 
the same ^construction as that illustrated 
* n 7 % la } 0 ™ cladi ?8 three movable con- 
tacts 128, 129, and 130 cooperating with 
relatively faxed contacts 131, 132 and 133. 
25 lhe thermostatic device 123 is mounted 
so that as the temperature of the wall of 
the tube 124 drops to a certain degree the 
contact 130 will move down and engage 
„. l % relatively fixed contact 133. This 
60 will close a circuit through a solenoid coil 
ld4 that corresponds to the solenoid coil 
102 shown in Fig. 10. This solenoid coil 
1J4 is the lowest one of a series of three 
including upper coils 135 and 136 which 
35 coils correspond to coils 103 and 104 as 
shown in Fig. 10. These solenoid coils 
exert magnetic force upon cores not illus- 
trated but which are similar to the cores 
llo attached to the core bar 105. In other 
i0 words when the coil 134 is energized it 
will give a limited upward movement to 
the core bar 137 . that extends up through 
all three of the coils. This core bar 
carries at its upper end a contact actuator 
46 nead US. 2f Q w when contacts 130 and 
1J-J come together, current flows through 
the wire 139 from the main 140 and 
through the wire 141 to the coil 134, 
thence by a return wire 142 back to the 
50 other main conductor 143. As indicated, 
the coils 134, 135 and 136 are wired in 
parallel from the conductor 142 through 
a branch wire 144. When the contact 
actuator head 138 rises by successive steps 
55 due to the successive closing of the con- 
foo X ? 2 aad i?! the actuator head 

148 will close any one of the three 
normally open switches 145 located on the 
right hand side as shown in Fig. 8. In 
60 the first step or stage of actuation of this 
actuator head 138 it will engage the end 
of the tail arm 146 of the switch lever of 
the lowest switch indicated by the numeral 
14oa and will close a circuit through the 
. 66 relatively fixed contact 147. When this 



occurs a circuit will be. closed . from the 
mam wire 140 through wire 148, branch 
wire 149 aud normally, closed switch 150 
SKM,™ 1 " 6 , 1 ! 1 that leads up to the 
contact 147, and.from this point through 76 
wire lo2 over to a solenoid coil 153, com- 
i fin S 'ri ts - Cn '°? lt *?<nigk wires 153a and 
■I i !- V s solem ?wl controls a 4-point 
L - 4 , un , d - J hls coil c] ose this 4- 
pomt switch lo4 so as to establih a cir- 76 
cuit through a motor armature 155 by 
way of wires 156, 157. and 158. At the 
same time, another pair, of levers of this 
+-point switch 154 will close a circuit 
hrough the field coils 159 0 f this motor 80 
100 through wires 161, 1G2 and 163, the 
atter of which connects to a branch wire 
lo4 leading out through this switch. This 
will drive the motor in a direction to 

louver 12 ua in an anti-clockwise direction . 
as indicated by the arrow in Fis? 8 This 
trunnion 16a carries a duplex type fan 
shaped contact wiper 166 having two fan 
shaped wiper ends, or fans, 166a Ind 166b. 90 
Iu the present instance the motor shall 
16/ carries aworm 16S that meshes with 
a worm wheel 169 rigid with the trunnion - 
Ibo for rotatmg the louver 125a. 
•a i «? C0DL t a ct wiper 166a enframes or 

already referred to, a cam notch 171 in its 
sSf d . 6dSe the end of this 

nght. after which the end of this lever nm 
SSL - a ou - r d ^Us on the circum- 100 

ferentml periphery of the wiper. This 
holds his switch open against the ft -ce 
ot its spring that norma ly holds it in a 
closed position. Opening tlS witeh rf in- 
course, opens the circuitlhrough he coil 10 ° 
lo3, and when this occurs the sprin-17" 

ana loUb. -After the louvers 125 haxv 
been moved to ^ ^ e >f ^ 

137 S i,? 6 "** H P ul1 th * ^ture rod 
toy lurther up and cause the head 138 to 

X? , ? ta VW l of lhe mtelmediateios . 
Suih rt; aUd ^^ wi ii clos * tbe circuit - 5 
wires iiA fT ltcI > 15 h thT0 ^ the 
wires 148 and the wires 152; and this will 
reclose the 4-point switch 154 lust al it 
was closed before through the agency * of 130 
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the switch 145a. This will drive the motor 
iu the same direction as before and move 
the contact wiper 16t> further along in ils 
same direction of movement. When the 
5 wiper end or fan 166a engages the end of 
the lever of the switch 150a it will open 
this motor circuit and stop the motor. 
The louver 125a will now be in its inter- 
mediate position. If the temperature at 
10 the tube 124 drops still lower, then the 
circuit will be closed through the contact 
131 which will close the circuit through 
the coil 13b', and this will close the circuit 
again through coil 153 and close the motor 
X| switch 154 again as before. The motor 
will then move again in the same direc- 
tion, causing the wiper fan 166a to 
advance and eventually open the motor 
circuit again by engagement with the 
9fl lever of the switch 150b. 

. When the contact wiper 166 is in the 
position just, mentioned, that is to say, 
when the fan 166a has wiped over all three 
of the switches 150, 150a and 150b they 
2$ will all remain open and at the same time 
the opposite fan 166b will have wiped 
across and closed three other normally 
open switches indicated generally by the 
reference number 173. These switches 173 
gQ are wired up individually to three 
normally open switches indicated gener- 
ally by the reference numeral 174, and 
these latter switches are arranged so that 
their tail levers 175 can be engaged by 
85 the left end of the actuator head 138. 
Assuming that the louvor 125a has been 
advanced to its third stage position, it- 
should be understood that in that position 
the contact head 138 will he in engage- 
40 men with the actuating lever of the upper- 
most switch 145c of the switches 145. 

Assuming that the temperature at the 
thermostatic device 123 commences to rise, 
then the circuit will be opened through 
0 the contact 131 and this will permit the 
return spring 137a of the armature rod 
137 to pull the rod down as far as the ener- 
gized coil 135 will permit. This will stop 
the rod 137 in a position to enable the left 
10 end of the actuator head 138 to engage the 
uppermost switch 174a of the switches 174, 
and this will close a circuit through a 
fixed contact 176 that cooperates with this 
uppermost switch. This will close a cir- 
55 cuit from the main wire 140 down through 
wire 148, through the lever actuated 
switch 173a (which is now held closed by 
the fan 166b,) and thence up through wire 
177 to fixed contact 176a; and thence by 
g0 wire 178 over to coil 179, and from this 
' coil on wire 180 over to the main wire 143. 
This will operate a 4-point switch 181 that 
is similar in construction to the switch 
154 and will move this switch to its closed 
65 position thereby closing the motor circuit 



through the commutator 155 by way of 
wire 158 already referred to, and wire 182, 
also closing the motor circuit through the 
iield coils 159 through the wires 162 and 
163 already referred to. 70 

The fixed contacts 183 of these two 4- 
point switches are wired in parallel to 
wires 184 and 185 that are connected 
through a switch 186 to the main wires 
140 and 143. 75 

Closing the motor switch 181 as 
described, will of course, drive the motor 
in a reverse direction, that is to say, in a 
direction which will drive the switch 
wiper 166 in a clockwise direction as indi- 80 
cated by the dotted arrow in Tig. 8, and 
this rotation will continue until the right 
edge of the fan 166b passes out of contact 
with the switch 173a, whereupon this 
switch will be opened by its spring 187 85 
and the motor will stop. However, the 
faifl6Gb wittTstill be in contact with the • ■ 
lever of the switch 173b and if, and when, 
the temperature increases at the thermo- 
stat 123 the contact 129 will pull away 90 
from the contact 132 and this will de-ener- 
gize the coil 135 and permit the rod 137 
and the switch contact head 138 to drop 
down to its next position. That is to say 
as far as will be permitted by the lowest 95 
coil 134 which will still be energized. 

If and when the temperature at the 
thermostat 123 rises still further, then the 
contacts 130 and 133 will separate which 
will de-energize the coil 134 and permit 100 
the rod 137 to drop down to the position in 
which it is illustrated in Tig. 8. 

From the centrifugal separator 67 the 
condensate water passes down through a 
constantly maintained filter bed 188 (see J0£ 
Fig. 1). In practice this water may be 
passed up through the filter bed, but for 
the purpose of illustration it is shown pass- 
ing down through the filter bed. This 
filter bed is carried in a container 189 the no 
interior of which is provided witb a heli- 
cal blade 190 which causes the water to 
pass in a helix through the filter bed. In 
this way I greatly increase the length of 
the course that the water passes through 115 
in going through the filter. 

At some point in its course, and prefer- 
ably before the water passes through the 
filter bed which is of activated carbon, 
I cause the water to pass through a layer 120 
191 of asbestos, or other material capable 
of removing the oils or oily constituents 
and also any solid matter that may be 
earned in the water. The outlet pipe 192 
for leading the water off from the filter 125 
189 may be provided with a branch pipe 
193 and valve 194 from which the con- 
densate water is lead over to a reservoir 
for use by the passengers of the plane and 
for cooking, or other purposes, 130 
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viS J? T 10 r ei, r ud ? doivn i,ud * 

i" » 1 W n le OI, ? ued wiea rfesir «l »« 
fi u Z ' «r B , a 11 quantlt >' of water iut ° the 
i ,,. i r ° m • »Pf«"iaW Mower 

l .ld 100 tor the engine or other propel W 
means hunting liydnxairhon fuel. 

inwiiivt-.itioiHiinbepr.iLtjVwlloii'lvuii. 
10 .age in iniiiauctiaa with air conditioning 
apparatus that will uow be described In 
>u apung this invention to air eonditiou- 
ng-, heyond the branch 19-3 the niv 1«* 
has an extension 200 with an automatic: 
15 alh controlled valve 201 that will permit 
water to pass when required into the 
-Mivcry pipe 202 of a blower or coin- 
j .lessor 2<K that delivers air into the air 
. pufhtioned calrni. This valve 201 may be 
•20 . "ntmlled by a humidostat 20-1 mounted 

>'l,llllin'll/\l>.. .n ll. " 1 • . . , _ 



._ v « uuunuusiai -cu-i mounted 
.-i.mwlieiv in the air conditioned cabin, to 
"pen the valve 201 when the conditions 
warrant, to introduce water into the 
.!e hverv pipe 202, In the position indi- 
25 tod in i i f . this valve 201 is shutting 
"A now to fhe blower 203 and is discharg- 
ing into a pipe connection 205 that wouFd 
lead to the same tank or reservoir to which 
the pipe 103 is connected, or to another 
30 resemur it that is more expedient. The 
controls an automatic 
MiitcJi 4Jb in an energized circuit 207 
including so lenoid 208, and the core 209 

^ •) m /,i eMO i ld i L conuected t0 the lever 
do.-JU ot 1he valve. 201. 

. It is not essential to the practice of this 

invention to condense the moisture from 

the waste gases before effecting- the 

ehnunahcin of the toxic ingredients and 

40 the acid ingredients. In Fig. 2 I illus- 
trate apparatus which operates to 
eliminate the toxic ingredients and acid 
ingredients from the gases before they are 
cooled sufficiently to precipitate the water 

45 condensate. However, in this instance, I 
prefer to cool the gases down considerably 
below the temperature that they have 
when they come from the engine, and for 
this purpose I employ a cooling coil 211 

50 having a sufficient length to brin<» the 
temperature down to a proper tempera- 
hire for filtering through a filter bed of 
activated carbon in a. filter 212. From 

te tb i? §?}? X fH - ases ; through a cooling 

55 «nl 213 which would be mounted in a con- 
denser similar lo that shown in Fig. 1 and 
having coils subjected to the cooling effect 
ot a current of air from the passing slip- 
stream; and this condenser 213 would 

80 deliver in a tangential direction into a 
centrifugal separator 214 similar to the 
separator G7. 

The gas filter 212 may have the usual 
construction of any type of effective gas 

W niter. In the present instance in Fig 31 



have illustrated it as comprising an inner 
compartment 215 into which the <n ls is 
admitted and this compartment has a 
wall 210 of nne screen material. This 
central compartment 215 is completely ?n 
surrounded above and on the sides by a 
falter space containing activated carbon 
~li which is retained i u an outer con- 
tamer 218 having a wall of screen 
material. Ihis arrangement enables the 75 
gas to pass through in all directions into 
an outside envelope or container 219 the 

denser 2°13 C ° mU T ° * he ° ou - 

ing down from the separator 214 may be 
passed, if desired, through a filter 220, 
a hough under ordinary conditions this 
niter could be dispensed with. 

I11 Fig. 4 I illustrate a chart showinir «fi 

co^^ ^r^ indicates the 

condensation rate in pounds per hour, 
ordinate; plotted against flying alti- 
tudes measured in a horizontal dirWmn. 
i-ms chart also shows a curve 222 that on 
indicates the temperature of the ex 9 ° 
gases plotted against altitudes, 
wifh i ?! \ 2 1 illustr ate .another chart 
with plotted curves 223 and 224 respec- 
tively indicating the average gas temper,- q* 
mre in the cooling tubes of the iJuE, 96 

S^' i hart }* di ™^ these teni- 

iZ P i otl< 4 a * ainst absc:issas rang- 

ing from five ieet of length of coolin- inn 

our S e L V Weiity feet '. T^seNwo cmt 1 1 100 
•md whifer^ ^ lilar <*^teristies 
ana wmie the temperature of the tube wail 
is approximately 800° at the poit whet 
the gases are admitted, the gas temneri 
urve^nf ^ a TO^teiy 1?00 6 105 

SS wh e n IT* aPPr ° adl eacL ^ » 
rnat wtien the gas passes out of the con- 
denser the adjacent tube wall has a^rox! 
Th } 5n t^pemture. 1 in 

The filter bed referred to above and 
which I .maintain for removing th to 
and acid ingredients from the g'ses or 
from- the condensate water, musf have a 

, P^ent a maximum superficial s ™ 
and tins material should. hav ^ flnraess 
enablmg K to pa SS through a No ?S 

cree e n "f ^H*^ b ^ \ ^ 0 * 

manufactured by the C,I'i ? 

y ' 130 
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In this connection it should be stated 
that I have found that the water con- 
densate in practicing- this method has a pn 
of approximately 3.5, and in order to 
5 render this water potable and useful for 
all purposes on board a transport aircraft 
it is necessary to reduce this to approxi- 

15 Water of Combustion Before Passing 

Over Activated Carbon. 



inately a neutral condition, that is to say 
approximately pn7. 

In the following table I indicate the 10 
characteristics of the water after filtering 
with this activated carbon as compared 
with the characteristics of the water con- 
densate before filtration : — 



Odor 
Color 
Taste 
20 Turbidity 
pii 
No 
NO, 
NH 3 

2fi Organic nitrogen 
Lead 
Phenol 
Cyanide 



Sharp aromatic 
Dirty Green 
Bitter almonds 
Fine carbon suspensions 
3.4 

1 P.P.M. 
333 P.P.M. 
1.2 P.P.M. 
20 P.P.M. 
28.2 P.P.M. 
Negative 



After Passing Through 

Carbon Bed 
Paint aromatic 
0 (color removed) 
None 
1.5 
6.95 

None 

18.8 P.P.M. 
.36 P.P.M. 

Less than 1 part in 40,000,000 
Less than 1 part in .50000 
Negative. 



80 



4ft 



The above table gives 
three samples of water, and in conducting 
the test two gallons of water condensate 
were passed through approximately 25 
grams of activated carbon in a column of 
95 one half inch in diameter and sixteen 
inches long. The water was floated up 
through the activated carbon. 

The apparatus and method described 
above can be used to furnish a heating 
40 medium to the de-icing apparatus of the 
aircraft. Means for accomplishing this is 
indicated in Fig. 6 in which 2a indicates 
the outlet of air that has passed through 
the condenser 2. This outlet 2a is illus- 
trated as provided with a branch 2b, and 
at the junction point of this branch with 
the outlet 2a a spreader valve 2c of vane 
type may be employed. In Fig. 6 this 
spreader valve is indicated in dotted lines 
50 and in the position indicated it will deflect 
all of the hot air passing through the out- 
let 2a down into the branch 2b, which 
would have an extension 2d leading off to 
the de-icing apparatus. 

With this apparatus described, and 
practicing the method, sufficient water for 
all purposes on an aircraft can be 
recovered from the exhaust gases from the 
engine or engines, at the same time accom- 
ftfy plishing a very substantial saving in the 
weight nf water that an aircraft would be 
obliged to carry to aftord a water supply 
equivalent to that possible by practicing 
this invention. For example, it would 
05 require considerably over 300 pounds of 
water on a certain air conditioned cabin 
airplane now in construction for crossing 
the Atlantic, not including the weight of 
water that this plane would have to carry 
70 for other purposes. This apparatus if 
installed on such a plane would hardly 



P.P.M. = Parts per 1,000,000 
an average of increase the weight of the plane by more 



55 



75 



80 



than seventy-five pounds and this would 
afford a water supply of approximately 
fifty pounds per hour. 

Having now particularly described and 
ascertained the nature of my said inven- 
tion and in what manner the same is to 
be performed, I declare that what I 
claim is : — 

1. Apparatus for recovering water from 
the exhaust gases of internal combustion 
means on an aircraft, comprising con- 
denser means exposed to the slipstream 
air passing the aircraft for condensing 86 
condensable constituents, including water, 

of said exhaust gases, and regulating 
means controlled by the air pressure in 
the condenser means for regulating the 
amount of exhaust gases passing through 90 
said condenser means. 

2. Apparatus according to claim 1, 
characterized by the condenser mea,ns 
having an air inlet exposed to said slip- 
stream, and said regulating means being 95 
an electrically operated valve for control- 
ling the flow of exhaust gases_through the 
condenser means and pressure responsive 
electric switch means responsive to air 
pressure within the inlet of the condenser 100 
means controlling said valve. 

3. An apparatus according to claim 1 
or 2, including means responsive to the 
temperature of the exhaust gases in the 
condenser for varying the flow of air from 105 
the slipstream passing through said con- 
denser. 

4. An apparatus according to claim 3, 
characterized by said temperature respon- 
sive means comprising a valve controlling HO 
the flow of air through the condenser and 

a thermostatic switch for controlling said 
valve, said thermostatic switch .being 
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exposed responsive to the temperature of 
conde^er eaSeS ^ thl0 ^ tlw 

o. An apparatus according u, any one 
i oi claim, i to 4, iuciuding means respon- 

i "^Kewtaw «rt exhaust jrasos 
which nave passed through die condenser 
means lor varying- the flow of said exhaust 
gaj.es tnrough said condenser. 

0. An apparatus according- to any oi 
claims 1 to 4, characterized by a separator 
or separating the. Water condensedlrom 
the hot gases received by the condenser 

.* afed ~ ( 1UCludiuS a S 
16 fltor tke se P arat °r for controlling the 
efaective area ot the exhaust for the waste 
gases iroin the separator. 

7. An apparatus according to any one 
• °J A^it 1 0 6 ' iMlwling means aioci- 
20-ated with said condenser means ^main- 
taining the temperature of the condenser 
£?58? COadeilsate abov « tte W 
d. Apparatus for recovering water from 

25 Sin"* gaS6S 01 ;iaterjaal combuS 
means on an aircraft, comprising con- 
denser means exposed to the'atmofpherm 
slipstream passing the aircraft, -for con- 

30 exnaust gases, including water, and moans 
responsive to the temperature of extant 
gases passing through the condenser to 
Sffi™* 016 qUaati ^ of air teS the 

35 dep eam £U8Smff con- 

,.hL A t n ^P,^ 1 * 5 according to claim S, 
tte ZtT- h ? tem P^ture respond 
srve means including a valve controlling 
the now of atmospheric air through the 

40 tSpT^Tl a tte ^3tatically° con- 
trolled switch for controlling the valve 
tr., fPP ar atus for recovering- water 
from the exhaust gases of internal wm- 
bustion means on an aircraft comprising 

45 cond enser means exposed to the atmo- 
spheric slipstream of the aircraft for con- 
exWt ^j 1 ^ 1 ? 811 ^ constituents of said 
Mrtwufct gases, including, water ; separator 

So^l ° r v, S ? aratin& the water'condeS 
ilO from the hot gases received from the con- 
denser; and temperature responsive means 
associated with the separator for coXl 

the waste gases from said separator. 

11. An apparatus according to claim 10 
S^^n ^ tem P e ^ure wptl 
sive means including a thennostati,- 
switch associated with the separator and a 
va ye controlled by said themostatic 

60 evntch for controlling the wast™ gSs 
leaving said separator. 

12. An apparatus according to anv of 
claims 1 to 11, including an°outlet Let 

or conducting the air from the condenser 
66 for de-icing the aircraft. 
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13. An apparatus according to anv of 
claims 1 to 12, including means ' for 
delivering condensate to the intake niani- 
toiu of the internal combustion means. 

Li ' Apparatus for. recovering water 
roni the exhaust gases of internal com- 
bustion means oh an aircraft, comprising- • 
condenser means exposed to the slipl 
■stream air passing the aircraft for con- 
densing condensable constituents, includ- 
ing water, of said exhaust gases, regulat- 
ing means for controlling the air passing 
through the condenser means; and an ou£ 
let duct for conducting the air from said 
condenser for_de-icing the aircraft. - 

lo. Apparatus for recovering water 
from the exhaust gases of internal com- 
bustion means on an aircraft, comprising- • 
condenser means exposed to the slipstream 
air passing the aircraft for condensing 85 
condensable constituents, including water 
orsaid exhaust gases; regulating means 
for controlling the air passing through 
the condenser means; and a duct for con 

manifold? 011 ' t0 engine iatake 90 

fW ' f m ° thoi o f obtaining water from 
the exhaust gases of internal combustion 
means on an aircraft comprising passing 
said gases through a condenser] causing 95 
air from the slipstream passing the air- 

Z^L^I™ thr °^ condenser for 
cooling the gases m eaid condenser so as 
to condense water vapor in said gases, and 
regulating the quantity of the gases 
passed to the condenser proportionate!? to 
fc„?K 8ai /- sli P st «am air flowing 
through the condenser air intake. 

iht 1 m f th ° d of oozing water from 
the exhaust gases of internal combustion 10S 
means on an aircraft comprising paS 
afr ffn^* 1110 ^ a conuensert e«S 
SIftTfl* w ^^Passiug the ail* 
™ L i W through the condenser for 
coolwg the gases in said condenser so as 110 
to condense water vapor in said gases 
regulating the quantity of gaseTpa^e to 
the condenser ^ accordance with the a r 
pressure m said condenser 

claims'ieT^- acco J r . din S to either of 115 
flow J ' Ji mcl ? dlI1 S controlling the 
How of air through the condenser in 

2*WT ^ the - t^Poruture of the 
exhaust gases m said condenser, 
is. A method according tn mi n t mn 

floTof 16 t0 i^-cludingcontrollinl th 12 ° 
flow of exhaust gases through the con- 
denser m accordance with the tempera- 

ZteA 1 thi eShaUSt ? ases ^ichhave 
passed through said condenser 

A method of obtaining water from 

the exhaust gases of internal combuSn 

means on an aircraft comprisino- D assin" 

fffSTfiT^ a COndense n causlnf 
air from the slipstream passing the air° l 30 
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126 



BNSDOCIO: <GB 626208A_I_> 



626,208 



11 



craft to flow through the condenser for 
cooling the gases in said condenser sp^as. 
to condense water vapor in said ^use£; 
and regulating the quantity of air flow- 
% ing through said condenser in accordance 
with the temperature of exhauat gases 
passing through said condenser. 

21. A method according to any of 
claims 16 to 21, including passing the 
10 condensate through a separator and con- 
trolling the escape of waste gases from the 
separator in accordance with the tempera- 



ture of the gases adjacent said separator. 

22. A method according to any of 
claims 16 to 21, characterized by conduct- 15 
ing air from the condenser outlet for 
de-icing the aircraft. 

23. A method according to any of 
claims 16 to 22, characterized by deliver- 
ing condensate to the intake manifold of 20 
the internal combustion means. 

Dated this 9th day of November, 1945. 

MABKS & CLERK. 
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